Introduction
The demand for adequate mental healthcare is increasing in many low-and middle-income countries (LMIC) [1] [2] [3] . The LMIC are countries that according to the World Bank's classification have a per capita gross national income of less than USD 12,056 [4] . The LMIC are faced with several barriers that limit access to quality healthcare services including long distances between healthcare centers, underfunding, lack of highly qualified clinicians and hospital beds, low mental health awareness, and high levels of illiteracy in parts of the population [1] [2] [3] . Telemedicine and e-health might help alleviate some challenges facing the healthcare services in the LMIC [5, 6] and might be particularly useful in mental healthcare [1-3, 5, 6] .
Telemental health traditionally involves the provision of mental healthcare across a distance using communication technologies [7, 8] and has been practiced for more than 50 years [9] . Videoconferencing is by far the most common and the most researched type of telemental health, but other types, such as text messaging or the use of mobile apps, are on the rise [10] [11] [12] . Studies conducted mainly in developed countries have found that the effectiveness of telemental health (i.e., videoconferencing) is comparable to traditional face-to-face 2 International Journal of Telemedicine and Applications services [13] [14] [15] [16] ; this applies to the reliability of assessments, treatment outcomes [17] , and satisfaction [18] . Some patient groups may even prefer telemental health services above traditional services [9, 19] . Telemental health services are also cost-effective [17, 20] . However, some reviewers have emphasized the lack of high quality evaluations of telemental health services [21, 22] .
Telemental health offers the LMIC a unique opportunity that may improve access to quality mental health services including enabling remote care delivery, expanding access to qualified mental health personnel, improving clinical supervision and training, promoting cost and time efficiency of care, and enhancing clinician daily workflows and clinical routines [1] [2] [3] [23] [24] [25] [26] . However, little is known about the scope of use or the outcomes of telemental health in the LMIC. In order to address this lack of overview, we performed the present review.
Methods
This review followed a systematic literature review approach guided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [27] .
Inclusion and Exclusion Criteria.
We included articles published in the English language that had a main focus specifically on telemental health, that were conducted in low-and middle-income country settings, that involved human subjects, and that were published as primary studies between 1 January 2000 and 16 February 2017. In order to capture as many relevant articles as possible, we adopted a broad definition of telemental health technologies to include also mental health-related online decision support systems, text messaging (SMS), online therapy, e-chatting, ecounseling, online support forums, and relevant computer programs/apps.
We excluded articles that were published in languages other than English, that had a main focus outside of telemental health, that were conducted in non-LMIC settings, that did not involve human subjects, that were review studies, commentaries, letters, and editorials, that were duplicates of included articles, and that were not published between 1 January 2000 and 16 February 2017.
Search Strategy.
A comprehensive literature search was conducted on several databases including Web of Science, Google Scholar, Psych INFO (Ovid), PubMed, and Springer Link. Furthermore, a rigorous hand search for additional relevant literature was carried out to help identify grey literature including project evaluation reports. The same key terms were used in searches conducted on the various databases including telepsychiatry, e-mental health, telemental health, behavioural telemedicine, virtual rehabilitation, telecare, e-health, telehealth, telebehavioural health, e-therapy, ecounseling, distance counseling, remote/telerehabilitation, mHealth, telemedicine, teleconsultation, videoconferencing, telepathology, less developed country(ies), least economically developed country(ies), nonindustrialized nation(s), lower middle-income country(ies), global south, developing country(ies), underdeveloped nation (s), and third-world country(ies)/nation(s). The searches were performed on 16 February, 2017. An example of one search string used is available in Supplementary File 1.
Search Results.
A total of 267 electronic articles were retrieved from the databases searched (Web of Science N=48; Google Scholar N=156; Psych INFO (Ovid) N=7; PubMed N=11; Springer Link N=45). Also, the hand search yielded 8 additional relevant articles on the topic under investigation. This resulted in a sum total of 275 retrieved research articles. Of the 275 initially retrieved articles, six were duplicates and a further 240 were excluded on the basis of their titles and/or abstracts, as they did not fulfil the inclusion criteria specified in Section 2.1.
29 articles were read in full, and a further 10 were subsequently excluded. A total of 19 articles were included in the review (see Figure 1 for details of the search process and Table 1 for the included articles).
Extraction of Data and Synthesis of Findings.
The studies included were then placed under several categories including their geographical distribution (country (s)), their main topics (illness/treatment) discussed, the study methods/designs used, and the type of e-health technology used. We also specifically examined the outcomes of the studies, looking at clinical intervention studies/randomized controlled trials, project evaluation studies, surveys, and other studies separately.
Results

Geographical Distribution of Studies.
Of the 19 included studies, eight were conducted on the Asian continent (India [2, [28] [29] [30] [31] [32] , Syria [33] , Iran [34] ), three in South America (Brazil [35, 36] , Peru [37] ), four in Africa (South Africa [23, 38] , Nigeria [39] , Somaliland [40] ), and one in Europe (Russia [41] ). However, three of the studies were cross-continental collaborative studies conducted between several developed and developing countries [42] [43] [44] .
Main Topic (Illness and/or Treatment) Studied.
Several mental health-related issues were discussed in the 19 included articles. More than half of these studies focused on psychiatric illness and treatment in general [2, 23, 28-30, 32, 33, 38, 40, 43, 44] . Depression [34, 36] was the second most frequently discussed psychiatric topic. Other mental health challenges or treatments that were addressed included Alzheimer's dementia [35] , aggression, self-injury, stereotyped behaviour [37] , obsessive-compulsive disorder [41] , occupational therapy [42] , psychiatric-related physical relaxation therapy [31] , and education-related mental health needs [39] .
Methods/Designs Used.
Eight of the studies were conducted as clinical interventions/randomized controlled trials (RCTs). The RCT is common method in medical studies, typically used to compare the outcome of two or more Full-text articles assessed for eligibility (29) Full-text articles excluded, with reasons (n = 10)
Articles included in qualitative synthesis (n = 19) interventions. One central element of the method is a random allocation of patients to different interventions, which might help the researchers in identifying the actual effects of the interventions [28] [29] [30] [31] [34] [35] [36] [37] . Five were identified as project evaluation studies [2, 32, 33, 40, 44] . In addition, four were classified as survey studies [23, 39, 41, 43] . Furthermore, one case study [42] and one action research study [38] were found among the 19 included articles.
Type of E-health Technology Used.
Six of the included studies examined the use of videoconferencing in conducting telemental healthcare delivery [2, 23, 32, 36, 38, 40] . Three of the studies involved the conduction of telemental healthcare with the aid of online decision support systems [28] [29] [30] and one involved the use of both SMS text messaging and bibliotherapy [34] . One study investigated the use of videoconferencing combined with e-chatting [44] . Furthermore, two studies examined online therapy [39, 41] while others studied e-counseling [43] , store-and-forward technology [33] , telephone follow-up calling [37] , and the use of online discussion groups/forums [42] , and one used both audiovisual therapy and bibliotherapy [31] . One of the studies [35] examined computerized occupational therapy as a possible telemental care delivery medium.
Outcomes of Studies
Clinical Intervention/RCTs.
Eight of the 19 studies were identified as clinical intervention studies/RCTs [28] [29] [30] [31] [34] [35] [36] [37] . Out of these eight intervention studies, five investigated the direct effect of various telemental technologies on client symptoms improvements [31, [34] [35] [36] [37] , whereas the remaining three studies examined the use of telemental decision support systems in clinical psychiatric assessment and diagnosis [28] [29] [30] . The former class of studies showed that telemental technological modalities (computerized occupational therapy, videoconferencing, SMS text messaging, audiovisual aids, telephone follow-up calling) generally were successful in contributing to improvements in symptoms of clients suffering from Alzheimer's dementia [35] , depression [34, 36] , obsessive-compulsive disorder [40] , aggression [37] , and psychiatric-related physical conditions [31] , although the findings were not consistently in favour of telemental technologies (see below). The latter category of studies [28] [29] [30] further suggested that telemental decision support technologies were viable complementary tools that with some exceptions (see below) improved clinical psychiatric assessment and diagnosis. With certain exceptions, these studies suggested a high level of clinician satisfaction with the level of accuracy, time efficiency of assessment, and level of Local clinics with limited resources can leverage store-and-forward technologies to expand their services and expertise through remote partnerships with NGOs and universities in the global community. Evaluation study N=132 A Skype-based telepsychiatry service was found to be a cheap and effective substitute for mental health service delivery in developing countries. Clinics indicated the service has improved their credibility and increase participant satisfaction and the number patients attending these clinics.
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International Journal of Telemedicine and Applications diagnostic concordance of these telemental decision support systems compared to traditional forms of assessment [28] [29] [30] . Despite the above noted positive postintervention outcomes, not all the telemental interventions reported only positive outcomes, and there were central limitations to several of the studies. For instance, one study involving an Alzheimer's dementia patient noted some lacking tests [35] . Another study reported that based on the kappa values, sensitivity, and proportions of discordant diagnoses recorded, the decision diagnostic tool being tested performed relatively poorly on some common mental disorders including depression, dysthymia, anxiety, and stress-related disorders [30] . The relatively poor performance of the diagnostic tool was observed in its low sensitivity for certain mental disorders including organic brain disorders (60%) and sexual dysfunctions (50%), and its low specificity for broad categories of disorders (48%) and neurotic and stress-related disorders (28%) [30] .
In a similar study [28] , poor screening sensitivity values were also recorded for child emotional disorders, depression, and autism, as well as relatively low diagnostic sensitivity values for childhood emotional disorders (36%) and autism (50%). The tool also failed to produce high positive predictive values for oppositional defiant disorder (0.33) and autism (0.5), with diagnostic disagreement between the tool and clinicians on the diagnosis of psychosis [28] . A separate study [29] also reported similar findings on a net-based diagnostic intervention tool which showed relatively low diagnostic agreement (Kappa <0.4) for most broad category disorders including neurotic and stress-related illnesses. The tool also recorded low sensitivity on stress-related disorders (0.13), anxiety disorders (0.42), GAD (0.11), panic disorders (0.44), phobic disorders (0.22), and somatoform disorders (0.42) [29] . The net-based diagnostic tool performed relatively poorly on interrater reliability on substance dependence, psychosis, mood disorders, anxiety disorders, OCD, somatoform disorders, and dissociative disorders [29] .
A videoconferencing intervention study [36] further showed that although a videoconferencing group had far superior improvements in depressive symptoms, the face-toface patient group recorded higher treatment adherence than the videoconferencing group ( 2 1 = 2.864, = 0.07).
Project Evaluation Studies.
Five of the 19 included studies were evaluations of already implemented telemental healthcare projects [2, 32, 33, 40, 44] . Therefore, these studies mainly reported on various sociotechnical outcomes of the implemented telemental projects including context factors [2, 32, 44] , user and institutional technology acceptance issues [2, 32, 40] , suitable technical solutions and challenges [32, 33, 40, 44] , and facilitative implementation factors [2, 32, 33, 44] . All these studies indicated that low-cost, readily available, culturally sensitive, and easy-to-operate mobile technologies had successfully achieved a high user acceptance and increased adoption rates in developing countries [32, 33, 40] . Furthermore, these studies have also revealed that context-sensitive telemental projects that build local capacity, collaborate with local healthcare stakeholders and organizations, and adopt all-inclusive, user-centered implementation approaches were easily implemented, sustained, and highly utilized in developing countries [2, 32, 33, 40, 44] .
Surveys.
Another group of studies found within the nineteen included articles were surveys [23, 39, 41, 43] . Although these studies showed that there is a high need for telemental services (online counseling, e-mail services, videoconferencing, e-chat, online therapy) [39] , they also found that a majority of clinicians in developing countries are less technically prepared to deliver telemental health services as part of their clinical routine activities [23, 43] . The studies suggested that telemental services have not yet been incorporated into official daily clinical healthcare delivery practice, and therefore clinicians involved in these services tend to conduct telemental services mostly on a part-time basis [43] .
Other Studies.
In a case study [42] , it was pointed out that there is a high need for collaboration among mental health clinicians working in isolated locations/specialized fields and that they successfully utilized online discussion groups to network with colleagues (27.3%), give and receive advice (40.5%), and request and share clinical material resources (19.4%). One study [38] particularly noted that there is a need to consider context-related needs during the implementation of telemental healthcare services in developing countries including community awareness, understanding clinical needs of patients and clinicians, gaining user acceptance, training staff, ensuring an adequate Internet bandwidth, and providing local technical support onsite [38] . In general, these studies found a high need and relevance for telemental services in developing countries, as well as a feasibility for implementing low-cost, locally suitable, and readily accessible, context-sensitive telemental technologies in developing countries [38, 42] .
Discussion
Despite searching several major databases, we were able to find only 19 articles that fulfilled the inclusion criteria of the review (primary studies with human subjects on telemental health, from LMIC, in English). This suggests that this research topic is still in its early stages in developing countries. The heterogeneous nature of the studies in terms of topics addressed, methods used, and outcome measures makes it difficult to compare the findings of the different studies. We are surprised to see such a high proportion of studies with strong designs and that eight of the 19 studies were interventional. This finding stands somewhat in contrast to the relatively small total number of studies, as one might expect few strong studies with strong designs in an immature field. India was the country with the highest number of included articles (6) , which may reflect the importance placed in India on education and technological development, but also of course the immense size of the Indian population and the need to develop new modes of serving the health needs of the country. It seems natural that most of the articles focused on general mental health issues and generalized 8 International Journal of Telemedicine and Applications services, as these are likely to be the most prevalent in the healthcare sectors. However, it may also indicate a rising trend of increasing prioritization of a public health approach to mental healthcare delivery within the developing world.
Videoconferencing was the most frequently studied type of technology. Altogether seven of the studies used videoconferencing as the sole technology or in combination with other technologies. This finding is expected as videoconferencing is one of the oldest and most used technologies in telemental health provision [9, 25] . Videoconferencing is today used routinely in many developed countries as a way of providing consultations with psychologists and other mental health workers at a distance [7, 17] . However, we were surprised to find that despite the seemingly advanced and expensive technical requirements to conduct videoconferencing services (e.g., good Internet connection, adequate bandwidth, specific expensive high-end technologies), this technical modality was the most commonly described telemental modality in the literature from the resource poor settings. Other types of technologies represented less frequently were online decision support systems used for instance to help diagnose mental disorders, and a few studies drew on the use of short message service (SMS), e-chatting, and telephone follow-up. In other areas of e-health in the developing world, cell phone based services appear to be strongly on the rise, in part because large parts of the population in the LMIC have access to cell phones [45, 46] . While mHealth services are becoming more available, uptake in the health services is slow and there are few quality studies comparing their use to in-person treatment or videoconferencing services [10] [11] [12] .
With respect to the outcome of the studies, most of the interventional studies reported positive outcomes in terms of reduction in patients' symptoms relating to various problems, including Alzheimer's dementia, depression, and aggression. The studies describing tests of the decision support systems also described positive outcomes in terms of improved assessments and satisfaction of users. However, some of the studies [28-30, 35, 36] reported some poor postintervention outcomes, especially in the area of computerized therapy [35] , decision support systems [28] [29] [30] , and videoconferencing [36] . This seems to indicate a need for further testing of several alternative technical telemental modalities and a more in-depth refinement of the current technical tools being used in this area within the LMIC. The surveys that were reported showed that while there is a high need for telemental health provision, such services are often not routinely offered, partly because of a lack of available technical equipment and other resource-related issues.
This review has some important limitations. While we searched several of the major relevant databases, including PubMed and PsycINFO, and also performed a hand search, there might have been some articles that fit the inclusion criteria but that were missed. This might especially be the case since some journals published in developing countries might not be indexed by the major databases. While we included a range of highly relevant search terms in comprehensive search-strings, we did not include some search terms (i.e., the spelling with a dash of 'tele-mental' and 'tele-behavioral' , as well as the terms 'underserved' and 'rural') that might have resulted in additional relevant papers. Future reviews should consider including a higher number of search terms and also more variations in spellings of these terms. Moreover, it appears that a majority of the studies, especially the interventional studies, involved the use of Western-based standardized tests and technical tools which were not particularly modified to suit the local contexts of the LMIC settings. As a consequence, there is a risk that the findings of these studies may not have comprehensively captured a complete representation of the local telemental situation and future studies should consider this point in their research designs. Most of the intervention studies included in this review were also mainly one-time studies with no replications and often utilized smaller sample sizes, thus making it difficult to ascertain the validity of their findings. We believe that, once more literature is produced on this topic in the LMIC, future reviews may be able to obtain a much larger evidence sample which may help confirm the findings of the current studies included in this review.
Conclusions
There is a rising trend in telemental activity in the LMIC. We were able to identify 19 studies that fit the inclusion criteria. While many of the included studies had a strong study design, the total number of studies with an interventional design remains small considering the large need for telemental health services and accompanying studies in the LMIC. There is clearly a need to expand such services in the LMIC, as this is one important way of reaching out to more people with high quality mental health services. There is also a need for future studies to compare telemental health studies in the LMIC with studies from the non-LMIC.
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